On the velocity and tem perature distributions in the turbulent wake behind a heated body of revolution 
1.
The calculation of the distribution of mean velocity in the turbulent wake behind a body of revolution in a uniform stream of an incompressible fluid was first carried out by Swain (1929) by using Prandtl's momentum transport theory of turbulent motion. The uniform stream was considered to be parallel to the axis of revolution of the body and the mean motion was assumed to be symmetrical about the same axis. Swain further adopted Prandtl's assumptions that for sufficiently high Reynolds numbers and at a sufficient distance downstream, there is geometrical and mechanical similarity in different sections of the wake, and that the values of the mixing length, l, at corresponding points in different sections are proportional to the breadths of the sections. She also assumed, as done by Schlichting (1930) in his discussion of the two-dimensional wind-shadow problem, that the mixing length l is constant over any one section of the wake. Now, taking the £-axis along the axis of revolution of the body and the r-axis perpendicular to it, let the undisturbed velocity be denoted by U. Then, the ^-component of velocity, u, in the wake may be written as
Swain's analysis shows that the distribution of for the first approximation may be expressed in the form^= ( l -£ !)2.
where u* is the value of u *at the centre of the wake in any g £ = r/r0, r0 being the value of r at the edge of the wake.
The distribution of temperature in the wake behind a body of revolution when the obstacle had been heated was not discussed by Swain, but according to the momentum transport theory of turbulence the distribution of temperature across the wake is identical with that of velocity. Thus, if 6 denotes the difference in temperature between any point in the wake and that in the main stream and also if dQ denotes the value of 6 at the centre of the wake, we have
In a recent paperf, Goldstein (1935) has made an application of Taylor's vorticity transport theory of turbulence to the calculation of the velocity and temperature distributions in the turbulent wake behind a heated body of revolution which is placed, as in Swain's case, in a uniform stream in such a way that the axis of the body is parallel to the undisturbed velocity.
Goldstein has obtained the equations of motion in cylindrical co-ordinates according to the vorticity transport theory on the assumption that not only the mean motion, but also the turbulent motion, is symmetrical about the axis of revolution of the body, so that the vortex lines are circles about the axis.
Then, it has been shown that if, as in Swain's case, the states of affairs in different sections at a sufficient distance downstream behind the body are assumed to be geometrically and mechanically similar, and also if the values of the mixing length l at corresponding points in different sections are supposed proportional to the radii of the sections, there is no real solution at all when the value of l is constant over any one section of the wake.
Further, it has been shown by Goldstein that if oc there are real solutions provided p is greater than unity. However, l2 oc r~p (p= 1) makes l infinite at r = 0, i. it is open to criticism. Moreover, the results of Fage's andTownend's observa tions (1932 a, b; 1936) on the turbulent motion in rectangular pipes as well as in circular pipes show that the type of turbulent motion assumed by Goldstein is unlikely to occur in reality. Thus, Goldstein's results are of rather small interest from the practical point of view.
In the present paper an attem pt is made to apply Taylor's modified vorticity transport theory of turbulence to the calculation of both the velocity distribution and the temperature distribution in the turbulent wake behind a heated body of revolution which is placed in a uniform stream such that its axis of revolution is parallel to the direction of the undisturbed velocity. The geometrical and mechanical similarity is assumed, with Prandtl and Goldstein, for the states of affairs in different sections at a sufficient distance downstream behind the body and also the isotropy in turbulence is assumed in accordance with the results of observations. The theoretical curve of velocity distribution is compared with the observations of Schlichting and of Simmons.
The writer wishes to express his cordial thanks to Professor G. I. Taylor, F.R.S., for suggesting the present problem. The calculations were mostly carried out in 1935 when the writer was working in Cambridge, England.
Mo d if ie d v o r tic it y t r a n spo r t t h e o r y

3.
The modified vorticity transport theory of turbulence put forward by Taylor (1935 Taylor ( , 1937 ) is based on the assumption th at the components of vorticity are transferred unchanged by turbulence in the same way th at momentum is transferred according to Prandtl's momentum transport theory. A portion of the fluid is conceived to leave a certain position with the vorticity components of the mean motion and to retain those components till it mixes with its surroundings after traversing the mixing length.
Taylor has shown that, according to this modified vorticity transport theory, the equations of motion in rectangular co-ordinates are where 1 dp du du du 1
X -p T x = u T x + v T y + w d i + l T x { q ) + ( w r i -^)'
(4)
together with the equations formed by cyclic permutation.
In (4) (A, Y, Z) are the components of body force, is the density of the fluid concerned which is assumed to be incompressible and p is the average value of the difference of the pressure from the hydrostatic pressure. ( u, v, w) are the velocity components of the mean motion, 
4. When the mean motion is symmetrical about an axis, as in the case of the mean motion in the turbulent wake behind a body of revolution which is going to be discussed in the present paper, it will be convenient to transform the equations of motion into cylindrical co-ordinates.
Let (x, r, 6 ) be cylindrical co-ordinates. Assuming the mean motion to symmetrical about the a;-axis, the x-and r-components of velocity of the mean motion will now be denoted by u and v respectively without causing any confusion. Also we denote by { u, v', ^-components of velocity of the turbulent motion which is not assumed to be symmetrical about the a?-axis, but is rather assumed to be isotropic at a sufficient distance downstream so that -v'2 = w'2. Then, the equations of motion in cylindrical co-ordinates of the modified vorticity transport theory for the mean motion symmetrical about the a;-axis are obtained by direct transformations from (4), together with (5), and other similar equations. When the fluid is free from body force, we have
(V together with one similar equation for the y-direction, where lx, lr, are the components of the mixing length l in the directions of the r-and fl axes respectively. Also, p has the same meaning as before and
The equation of continuity in cylindrical co-ordinates is 0 0
Calculation of v elo c ity d is t r ib u t io n in th e w a k e b e h in d A BODY OF REVOLUTION
5.
We consider a body of revolution in a stream whose undisturbed uniform velocity is U parallel to the axis of revolution. If we assume that the mean motion in the turbulent wake behind the body is symmetrical about the axis, the equations of motion according to the modified vorticity transport theory are given by (7), together with one similar equation. The turbulent motion, however, is not assumed to be symmetrical about the axis, but is rather assumed to be isotropic at a sufficient distance downstream.
For a first approximation, at a large distance downstream in the wake we put u = U -u*.
We assume th at u*/U is small, and we also make the usual assump the boundary layer theory that v and its derivatives are small in comparison with u and its corresponding derivatives; and th at derivatives with respect to x are small compared with the corresponding derivatives with respect to r. Further, we assume th at the derivatives of + |g '2) may be neglected for a first approximation.
Then, under these simplifying assumptions the equation of motion (7) now gives the following equation for u* for a first approximation:
If the mixing length is small and the turbulence is isotropic, as assumed in the present paper, we have Following Prandtl, we put
where l is the mixing length. Then, remembering that u* decreases outwards from ultimately du* dr
6. Now, if D denotes the total drag on the body under discussion, it can be shown without difficulty that D 2 7 r p u j i u*rdr.
If we assume that at corresponding points of different sections r varies as xm and u* varies as x~n, i t follows from (14) that n = then in order that both sides of (13) should be of the same order of magnitude, l 2 must vary as x*m~x for a given value of r/xm. Further, if the value of l for a given value of r/ x w varies as the breadth of the wake, we must hav equal to 2m, so that m = \. r Thus, if now we put ,
and l2 = < f> (7j) x*, equation (13) becomes (18) 
On the axis, u* is positive and du*/dr is zero. Therefore
If we make the assumption that the value of the mixing length l is constant over any one section, we may write (f)(7)) c, where c is a certain constant, and equation (19) then becomes
To solve this equation we first change the independent variable from 7 )to zb y the relation
Then, equation (21) 
where the a's are constants, and inserting this in (23), the constants have been determined, in the usual way, up to a8. Thus, writing *J(a0C) = a for simplicity we have 
The constant of integration can readily be determined by the conditions just referred to, and we find that it is equal to zero. Thus,
Since c is evidently positive, the right-hand side of this equation is always positive for any finite (positive) value of 7}, and it follows therefore th at/d o es not vanish at any finite value of ?/. Thus, we find that u*/u* does not vanish at any finite value of ijv Further it can be shown without difficulty th at the asymptotic expansion for u*/u* is of the form where bi s a constant.
Calculation of t em p e r a t u r e d is t r ib u t io n in th e w a k e b e h in d A HEATED BODY OF REVOLUTION
8. Let 6 be the difference of the temperature in the turbulent wake behind a heated body of revolution from the temperature of the fluid outside, the body being assumed, as before, to be placed in a uniform stream of velocity U parallel to the axis of the body. Then, as has been shown by Goldstein, at a large distance downstream, 6 satisfies, for a first approxima tion, the equation
With the assumption (12), this becomes
and make the substitutions (16), (17) and (18), we find that the function F satisfies the equation (37) so that on integration
But, it must be that dF/dy = 0 when t j 0, an we have (39) If, as before, the mixing length is assumed to be constant ection of the wake, so that (j.) = c , we have over any one
and integrating this we get
where A is a constant. Further if we put/* = f/a0 and introduce the variable y1 by (27), we have
/* being equivalent to u*/u$, so that its series expression is given by (28). Thus, denoting by 60 the value of 6 at the centre of the wake, we have by
Remembering th a t/* = u*/u* and using the series (28) we get
This has been conveniently used for finding the values of the integral on the right-hand side of (43) for small values of tjv For larger values of tjv however, the values of the integral have been obtained by numerical integration by using the values of df*ld7)1 which have been calculated by its series formula obtained from (28) Table I and the curve for 6/60 plotted against is also shown in Fig. 1 .
Comparison w ith e x pe r im en t s 9. In his paper referred to, Goldstein has compared his theoretical curves for velocity distribution with the results of H. Schlich ting's measurements made at the Gottingen Laboratory, as well as with those of L. F. G. Simmons's measurements made at the National Physical Laboratory.
We shall now compare the results of the present paper with those experiments.
Schlichting measured two velocity distributions in the turbulent wake behind a solid of revolution, one 100 cm. behind a circular plate of diameter d equal to 8 cm., at a Reynolds number, Udjv, of about 17-4 x 104; and the other 150 cm. behind a circular plate of diameter d equal to 4 cm., with Udjv about 8-7 x 104. The plates were at right angles to the stream.
The results of Schlichting's measurements are shown in fig. 1 for com parison with the theoretical curve obtained in the present paper. In this figure the theoretical curve is made to fit Schlichting's observations at u*/u* = 0-5. The experimental points for the larger plate are shown by + , while those for the smaller plate by o • The measurements were taken along a diameter and were not quite symmetrical, and therefore the experimental points for a complete diameter have been shown. The maximum value of u*/U was 0-0797 for the larger plate and 0-030 for the smaller one.
Simmons has measured, in the N.P.L. Duplex wind tunnel, the velocity distribution in the wake behind a model of the airship R 101, without fins, etc., the maximum diameter, d, of the model being 14-54 in., its overall length 80in., and its volume 4-5 cu. ft. The measurements were made in air at a wind speed of 60 ft./sec. across a section of the wake 8 ft. 7 in. downstream of the tail of the model. Simmons's measurements were along a radius, and the maximum value of u*/U was 0-125. The experimental points are shown by • in fig. 1 on the right-hand side, where, as before, the theoretical and experimental curves are made to coincide at u*/u* = 0-5.
In fig. 1 Swain's theoretical curve for the velocity distribution is also shown for comparison by a dotted line, which is made coincide at u*/u* = 0-5 with the velocity distribution curve of the present paper.
It will be seen th at the agreement between the theoretical result obtained in this paper on the basis of the modified vorticity transport theory and the results of observations is not quite satisfactory, and further that there is also no satisfactory agreement with observations for Swain's result which has been obtained on the basis of the momentum transport theory.
No measurements of the distribution of temperature in the turbulent wake behind a heated body of revolution are known, so that the comparison of the theoretical curve for the temperature distribution obtained in the present paper with observations must be postponed. Summary 10. In the present paper, Taylor's modified vorticity transport theory of turbulence is applied to the calculation of the velocity and temperature distributions in the turbulent wake behind a solid of revolution which is placed in a uniform stream such that its axis of revolution is parallel to the direction of the undisturbed velocity.
In order to carry out the calculation, it is assumed, with Prandtl, that for sufficiently high Reynolds numbers and at a sufficient distance downstream, there is geometrical and mechanical similarity in different sections of the wake and that the values of the mixing length at corresponding points in different sections are proportional to the breadths of the sections. Also, the isotropy in turbulence is assumed.
Assuming the mixing length to be constant over any one section, the distribution of mean velocity is first calculated and the result is compared with the results of Schlichting's and Simmons's observations. The agree ment between theory and observations is not quite satisfactory.
Next, the distribution of temperature is calculated. However, the com parison of the theoretical result with observations is not made, because no measurements of the distribution of temperature in the wake behind a heated body of revolution have yet been made.
